1. Introduction {#Section1}
===============

Ovarian cancer is the fifth most common type of cancer in females and the leading cause of mortality for gynecological malignancies, with epithelial carcinoma being the most frequent variety [@B1], [@B2]. EOC is a tumor originating from ovarian epithelial surface [@B3],[@B4] and it is characterized by epidemiological and clinical features that differentiates it from all other gynecologic malignancies. Within the histology and the pathogenesis of EOC a central role is played by cancer stem cell (CSC), defined as a malignant cancer cell with a stem cell phenotype, according to leading definition proposed in a recent AACR workshop [@B5]. CSCs support transformation and proliferation of clonal tumor cells favoring their repopulation in the tumor microenvironment. Typically they are predominantly quiescent, have up-regulated DNA repair capacity, are noncommittal to apoptosis and over-express ATP-binding cassette (ABC) drug efflux transporters; moreover they contribute to expanding typical cancer gene signatures [@B5],[@B6]. CSC subpopulation is thought to play a crucial role in tumor development, chemo-resistance and relapse after initial treatment. The first experimental evidences suggesting the existence of CSC came from the study of leukemia patients. Bonnet and co-workers demonstrated that human leukemias are driven by a small population of leukemic stem cells capable of transferring the disease to NOD/SCID mice. This concept was extended to solid epithelial tumors by Al-Hajj and co-workers, who demonstrated that in breast cancer tissues a small population of cells presents stem cell properties, expressing CD24^low^ and CD44^high^ surface markers. Subsequently, CSCs were identified and prospectively isolated from a variety of epithelial cancers, including pancreas, colon and prostate cancers [@B7]-[@B16].

Evaluating their main peculiarities has been shown that CSC has three functional characteristics:Transplantability and tumorigenic potential to form tumors when injected into nude mice;Specific surface markers;Ability to recreate the full phenotypic heterogeneity of the parent tumor [@B12], [@B13], [@B17].

EOC includes different histological subgroups and therefore all histological cell types have different cellular origin with specific biologic and genetic profiles; many studies can support this theory [@B18]-[@B20]. Consequently, the CSC population for each cancer type may also be variable. It is therefore not surprising that SC properties have been reported in EOC cells isolated using different cell surface markers, including CD44, CD133 or CD24. Each of these EOC cells may represent either a hierarchy of CSC or an entirely different population of CSC for that particular ovarian histology. Moreover, these surface markers are not often specific and this could be a problem for the characterization of CSCs; this is also due to the fact that these cellular populations are rare: isolating and identifying pure SC populations is a real challenge [@B21]-[@B23]. Several signaling pathways, such as sonic Hedgehog, Notch, PTEN, BMI-1, WNT, and p53, are involved in embryogenesis processes. An alteration of these pathways could occur during the development of cancer, leading to dysregulation of SC self-renewal and tumor proliferation [@B24]. Other pathways involved in carcinogenesis, such as Hedgehog and Wnt, originate from the microenvironment of the SC niche [@B25],[@B26]. This may have very important implications in therapeutic interventions, including explanation for the development of chemo-resistance. There is a critical need to develop broad-spectrum as well as individualized molecular-targeted therapies for EOC; therefore a current crucial research interest is to identify signal transduction pathways and target key molecular role players that direct ovarian tumor sensitivity and resistance to therapy [@B27]. The aim of this review is to outline recent developments in our understanding of the characteristics of ovarian CSC biomarkers, focusing the interrelationships among selected cells and molecular signal transduction pathways, with the aim to translate these concerns into clinical practice, investigating more active targeted strategies.

2. Cancer stem cell and tumor proliferation {#Section2}
===========================================

Although the mechanisms of malignant transformation is not entirely explained by the CSC hypothesis, it has been suggested that CSCs are the malignant counterparts of normal adult tissue SCs, considered unable to carrying on stem cell homeostasis, due to dysregulated signaling pathways. In a work of Valent et al the mechanisms of the malignant transformation were described, showing that the expansion of an initially mutated or epigenetically altered cell (gaining a proliferative advantage over its normal counterparts), leads to the creation of a persistent neoplastic clone. This initial clone may produce distinct subclones and if one or more subclones acquire a particular profile of hits, a malignant tissue develops. At that time, the neoplastic stem cells become CSCs or cancer-initiating cells. The other neoplastic subclones and their stem cells may persist and continue to generate additional pre-malignant and/or malignant subclones [@B28]. According to this hypothesis, we could say that as well as the normal SCs, also CSCs are thought to reside at the top of the lineage hierarchy and give rise to differentiated cells, which themselves have no potential for self-renewal, and therefore do not contribute significantly to tumor growth. SCs remain in a tissue for longer periods, compared to their differentiated progeny, thereby making them more likely to acquire transforming mutations. Moreover, SCs are more likely to survive to any insults, since they are more resistant to apoptosis and DNA damage [@B29]. Other mechanisms leading to SC enrichment, under conditions of stress, include heightened DNA damage response and repair, both contributing significantly to tumor survival [@B30]. A role for CSCs in propagating and maintaining metastases has been proposed [@B31], [@B32]. The different hypothesis that the dedifferentiation of mature cells to a more pluripotent state could be a potential mechanism for the development of SC-like features by cancer cells cannot be dismissed.

3. Regulation of ovarian CSC by tumor microenvironment {#Section3}
======================================================

A variety of genes, pathways, and miRNAs are implicated in the regulation of ovarian CSC. In addition, CSC features might be maintained by their surrounding environment, termed the "CSC niche". This niche is a microenvironment composed of heterogeneous populations, including different immune cells, stromal cells, perivascular and vascular cells, tissue macrophages and extracellular matrix components. [@B33], [@B34]

Emerging evidence indicates that the CSC niche is an important condition for sustaining CSC, because signaling from this microenvironment can activate pathways which are essential for the maintenance and function of CSC. More importantly, it has been suggested that differentiated cells can revert to CSC and, conversely, CSC can differentiate into non-CSC in specific tumor microenvironments, leading to a crucial role of tumor microenvironment in the CSC expression. Several biological processes that occur in the CSC niche, including inflammation, hypoxia and angiogenesis, are deemed capable to determine the fate of CSCs [@B35].

Several recent studies have reported that hypoxia is one of the key attributes of the tumor microenvironment regulating the properties of ovarian CSC/TICs. For instance, hypoxia increases the survival and chemo-resistance of ovarian CSC/TICs isolated from ovarian cancer cell lines through the induction of HIF-1α mediated c-kit expression. Conversely, hypoxic induction of HIF-1 synthesis can promote the differentiation of ovarian CSCs by inducing TWIST1 expression. A high level of NF-κB activity in ovarian CSCs may be induced by cytokines, such as TNF-α, that are generated as a result of inflammation in the ovarian tumor microenvironment [@B36].

TGF-β, that is secreted into the ovarian tumor microenvironment, also affects the growth of ovarian CSCs [@B37].

Cancer-associated fibroblasts (CAFs) are a type of stromal cells contributing to the constitution of tumor microenvironment and they have demonstrated to promote tumorigenesis by enhancing cell proliferation, angiogenesis, invasion and metastasis [@B38].

An interesting study demonstrated that the manipulation of miRNAs can convert normal ovarian fibroblasts into ovarian CAFs and vice versa [@B39].

Recent evidence indicates that CSCs respond to anti-tumour agents differently *in vitro*and *in vivo*, reinforcing the concept that the niche in which a CSC is located may be an important determinant of how it responds to a given treatment [@B40].

4. Identification of cancer stem cell {#Section4}
=====================================

Several approaches have been described to identify CSCs, including detection of side population (SP) cell phenotype by Hoechst 33342 exclusion, isolation by CSC -specific cell surface marker expression and detection of aldehyde dehydrogenase 1 (ALDH1) activity in the ALDEFLUOR assay [@B41],[@B42].

4.1. Detection of Side Population {#Section4.1}
---------------------------------

Goodell et al. first discovered that display of Hoechst fluorescence, simultaneously at two emission wavelengths, revealed a small and distinct subset of whole bone marrow cells that had phenotypic markers of multi-potential hematopoietic stem cells (HSC).

This subset of cells is referred to as the side population and is enriched for HSCs from murine bone marrow [@B43]. Many studies of SP have been performed in a number of cancers such as leukemias, brain, prostate, gastrointestinal tract, melanoma, retinoblastoma, and many cancer cell lines, leading to the hypothesis that the SP is enriched with CSC [@B44]-[@B47]. Szotek et al., looking for a possible link between CSCs and chemo-resistance, isolate a SP of cells from genetically engineered mouse ovarian cancer cell lines that expressed the multidrug transporter protein BCRP1 using flow cytometry. They were resistant to doxorubicin. They also isolated a similar smaller SP of cells from the human ovarian cancer cell lines IGROV-1, OVCAR3, and SKOV3, but these SP cells were not further characterized [@B48].

4.2. CSC surface markers {#Section4.2}
------------------------

The limitation of using cell surface markers to characterize CSCs is that this approach requires previous knowledge of cell surface markers that are expressed by the putative CSCs in the tissue of interest. Moreover, very often the choice of markers is inferred from known expression of markers in normal adult SCs. CSCs clones have also been identified from tumor ascites; they were able to form anchorage-independent spheroids and have shown to express specific SC markers, as Oct ¾, Nanog and the progenitor marker Nestin [@B49]. Latifi et al. identified and profiled the population of ascites cells obtained from ovarian cancer patients, separating adherent (AD) and non-adherent (NAD) cells in culture. AD cells exhibited mesenchymal morphology with an antigen profile of mesenchymal stem cells and fibroblasts. Conversely, NAD cells had an epithelial morphology with enhanced expression of cancer antigen 125 (CA125), EpCAM and cytokeratin 7. They demonstrated a distinct separation of ascites cells into epithelial tumorigenic and mesenchymal non-tumorigenic populations [@B50]. Several studies have prospectively isolated CSCs by looking for the presence of extracellular markers that are thought to be SC specific. The markers most commonly used are CD133 and CD44 [@B51]. These markers have been used successfully to isolate SCs in normal and tumor tissue [@B52]. Whilst CD133 and CD44 are thought to be indicative of a CSC phenotype, it is not clear if they are universal markers for characterizing CSCs derived from all types of tumors. Furthermore, expression of CD133 and CD44 may not be restricted to the CSC population and may be present in early progenitor cells. Taken together, all CSC surface markers investigated here are simple indicators, but they cannot be definitely considered reliable markers for defining a population of CSCs in solid tumors since they do not characterize tumor initiating cells exclusively. To increase the sensitivities and specificities in detecting CSCs, further investigations are needed [@B48],[@B53].

### 4.2.1. CD133 {#Section4.2.1}

The pentaspan transmembrane glycoprotein CD133, also known as Prominin-1, was originally described as a hematopoietic stem cell marker [@B51]. Subsequently, it was demonstrated that prominin-1 is commonly expressed by a number of progenitor cells, including epithelial, where it is located on the apical surface [@B54]. Regarding EOC, Ferrandina G et al. demonstrated that CD133 (+) cells gave rise to a larger number of colonies than those documented in a CD133 (-) population [@B55]. CD133^+^ ovarian tumor cells were characterized by a higher proliferative potential and clonogenic efficiency than negative cells. For instance CD133 expression, in ovarian carcinoma samples, is related to a poor prognosis, including shorter overall and disease-free survival [@B56]. The percentages of CD133-1/CD133-2 epitopes expressing cells were significantly lower in normal ovaries/benign tumors with respect to those expressed in ovarian carcinomas. Both the percentages of CD133-1- and CD133-2-expressing cells were significantly lower in metastases than in primary ovarian cancer. The authors didn\'t detect any difference in the distribution of the percentage of CD133-1- and CD133-2-expressing cells according to the clinic-pathologic parameters and the response to primary chemotherapy. Using flow cytometry, Ferrandina G. et al. reported that CD133-1 and CD133-2 were both expressed in human ovarian tumors at higher frequency than in normal ovaries and metastatic omental lesions. CD133-1 and CD133-2 may be useful, therefore, to select and enrich populations of CD133 (+) ovarian tumor cells that are characterized by a higher clonogenic efficiency and proliferative potential [@B55]. Moreover, in 2009 Baba et al. found that *CD133* expression is repressed concurrently with the acquisition of DNA methylation in CD133- progeny of CD133+ cells, supporting a role for CD133 in CD133+ cells, which is not required in CD133- cells after asymmetric division [@B57]. Expression of CD133-1 and CD133-2, which were detected in ovarian carcinomas, was also observed in normal ovaries. CD133^-^ cells from cancer cell lines, primary tumors and ascitic ovarian fluid, were shown to be also tumorigenic. CD133^+^ cells, derived from ovarian tumors, were capable of self-renewal and were associated with increased tumor aggression in xenografts [@B55], [@B57]. According to these discoveries, Curley et al. demonstrated that tumor-derived CD133-1 cells have an increased tumorigenic capacity and are capable of recapitulating the original heterogeneous tumor [@B58].

### 4.2.2. CD44 {#Section4.2.2}

CD44 is a surface molecule which mediates cell adhesion and migration by binding extracellular matrix components such as hyaluronic acid, osteopontin, or activating receptor tyrosine kinases, which are related to tumor progression and metastatic progression [@B7], [@B59]. CD44 is involved in cell-cell interactions, cell adhesion and migration, but it constitutes also a receptor for hyaluronic acid, activating a variety of receptor tyrosine kinases in many cancer types. According to this role, it drives some mechanisms favoring an increase in the proliferation and survival rates of tumor cells, by the activation of the MAPK and PI3K/AKT pathways [@B60], [@B61].

CD44 expression has been associated with poor prognosis and resistance to chemotherapy. CD44 positive cells have been shown to express high levels of other stem cell markers, such as Oct4 and nestin. Moreover, CD44 enhance NFKb activity and inflammatory cytokine effects, including high expression of IL1b, IL6, and IL8. These CD44-mediated characteristics could influence the response of patients to chemotherapy, resulting in negative prognosis. [@B62],[@B63] Bapat et al. found that the growth factor receptors c-met and EGFr were up-regulated in ovarian CSCs as well as CD44, expressing also E-cadherin. Correspondingly, Snail, a known mediator of EMT through transcriptional repression of E-cadherin, was expressed in some CSC clones and to a lesser extent in others [@B64]. Chen et al. demonstrated in vitro that human epithelial ovarian cancer CD44+/CD117+ cells have the properties to make the tumor be chemoresistant to conventional therapies, such as 5FU, docetaxel, cisplatin, and carboplatin [@B65]. CD44 has also been demonstrated to be associated with other CSC markers. In fact, Wei at al., investigating about Müllerian Inhibiting Factor with the aim to inhibit stem progenitors in EOC, identified eight marker panels on three human ovarian cancer cell lines and found that the combination of Epcam^+^, CD24^+^, and CD44^+^ formed more colonies than other marker combinations. It was necessary to use these 3+ panels in combination, as each marker alone was not sufficiently selective [@B66]. Two studies have independently defined ovarian cancer SC by evaluating CD44+ CD117+ and CD133+ phenotypes. The latter suggests an epigenetic regulation of the CD133 promoter [@B64], [@B67]. Additionally, using CD44, stem-like cells were enriched from patients\' samples and were characterized by Myd 88 expression and chemokine and cytokine production [@B68]. It is likely that both CD133 and CD44 expression characterize ovarian CSC. Alternatively, there may be more than one population of cells with SC properties in ovarian cancers. Generally, these studies highlight the lack of consensus about the molecular characteristics of ovarian CSCs.

### 4.2.3. CD24 {#Section4.2.3}

CD24 is a glycosylphosphatidylinositol-linked cell surface protein expressed in various solid tumors [@B69]. Expression of CD24 represented a marker of poor prognosis in ovarian cancer. A study demonstrated that CD24 could localize in the cytoplasm of ovarian serous tumors, while normal epithelium and serous cystadenomas expressed CD24 marker in the apical membrane. Thus, the cytoplasmic expression of CD24 could be used as a specific marker to predict survival rates and recurrence of cancer [@B70], [@B71]. Gao et al. have successfully isolated CD24+ CSCs from ovarian tumor specimens and identified CD24 as a putative CSC marker in EOC [@B72]. In this study, CD24 cells were shown to proliferate slowly, were more resistant to chemotherapy, and demonstrated enhanced tumorigenicity potential compared to CD24- cells. The depletion and over-expression of CD24 could regulate the phosphorylation of STAT3 and FAK by affecting Src (non-receptor tyrosine kinases) activity.

#### 4.2.4. CD117 {#Section4.2.4}

CD117, known as c-kit, is a type III receptor tyrosine kinase involved in cell signal transduction. It is involved in various cellular processes, including apoptosis, cell differentiation, proliferation, and cell adhesion [@B64]. High expression level of CD117 was observed in ovarian cancers [@B48]. Luo and his colleagues further demonstrated that CD117+ ovarian cancer cells had the ability to self-renew, differentiate, and regenerate tumors compared to CD117- in xenograft model [@B69]. It has been also suggested that CD117 in ovarian carcinoma was associated with poor response to chemotherapy [@B73]. The activation of Wnt/β-catenin-ATP-binding cassette G2 pathway was required for cisplatin/paclitaxel-based chemoresistance caused by CD117 in ovarian CSCs [@B74].

### 4.2.5. EpCAM {#Section4.2.5}

The epithelial cell adhesion molecule EpCAM is a glycosylated membrane protein expressed in different solid tumors, including colon, lung, pancreas, breast, head and neck and ovary [@B75]. EpCAM was found to be hyperglycosylated and frequently associated with cytoplasmic staining in carcinoma tissues [@B73]. It is comprised of an extracellular domain (EpEX), a single transmembrane domain and a short 26-amino acid intracellular domain (EpICD). Among them, EpEX is involved in cell-cell adhesion [@B74]. In fact, down-regulation of EpCAM could cause the loss of cell-cell adhesion and promote epithelial- mesenkymal transformation (EMT), a step toward tumorigenensis [@B75],[@B76]. Metastatic and recurrent tumors were found to express significantly higher levels of EpCAM when compared with primary carcinomas. EpCAM expressing cells have also been described to possess a tumor-initiating role with stem/progenitor-like features [@B77].

4.3. ALDH1A1 and ALDEFLUOR assay {#Section4.3}
--------------------------------

A valid marker detected in several malignant and normal tissues is aldehyde dehydrogenase-1A1 (ALDH1A1). ALDH1A1 is an intracellular enzyme that participates in cellular detoxification, differentiation, drug resistance, through the oxidation of intracellular aldehydes, and management of the differentiation pathways. It is not only a stemness marker, but it also play an important role in the biology of tumor initiating cells [@B78]. ALDH1A1 was associated with chemo-resistance in the ovarian CSC too [@B79]. It has been demonstrated that mouse/human hematopoietic/neural stem and progenitor cells have high ALDH1 activity. High ALDH1 activity, associated with poor clinical outcome, has been reported in breast cancer cells, ovarian cancer cells and glioblastomas. Therefore, the use of ALDH1 activity, as a purification strategy, allows the non-toxic and efficient isolation of human stem-like cells, based on a conserved stem/progenitor cell function [@B80],[@B81]. ALDH has been also studied in association with CD133 in order to identify a set of markers to identify ovarian CSCs. Siva et al. discovered that the presence of ALDH(+)CD133(+) cells in debulked primary tumor specimens was correlated with reduced disease-free and overall survival in ovarian cancer patients [@B82]. ALDH activity is commonly detected using an ALDEFLUOR assay. Cells are stained by bodipyaminoacetaldehyde (BAAA) at 1.5 mM and incubated for 30 min at 37uC. An inhibitor of ALDH1, diethylamino- benzaldehyde (DEAB), was used as a negative control at a10-fold molar excess [@B83].

5. Signaling pathways as potential targets for CSCs {#Section5}
===================================================

Tumorigenic and self-renewal features of CSC are also conditioned by Wnt, Sonic Hedgehog (Shh), and Notch signaling [@B84].

Wnt signaling plays a key role in the embryonic development of the ovary, and it is involved in normal follicular development and ovarian function. In ovarian cancer its aberrant regulation is implicated in cancer development [@B85]. One of the most common Wnt and Hedgehog target genes, leucinerich G protein-coupled receptor 5 (Lgr5, also known as Gpr49), has been shown to mark rapidly cycling stem cells in the small intestine and hair follicles [@B86]. Lgr5 is an orphan seven-transmembrane domain receptor with similarity to thyroid-stimulating hormone, follicle-stimulating hormone and luteinizing hormone receptors. Selective up regulation of Lgr5 has been reported in ovarian, colon and hepatocellular carcinomas [@B87].

Recently an activation of the STAT3 pathway in ovarian tumors has been reported. Hence, targeting STAT3 signaling pathways in CSCs of ovarian tumors may represent a novel approach to overcome CSC-mediated chemo-resistance [@B88]. A recent study has shown that the silencing of jagged 1, a Notch ligand, could sensitize ovarian cancer cell lines to taxane through cross talk with the Hedgehog pathway, suggesting that the Hedgehog pathway represents an important target to eradicate ovarian tumorigenesis [@B89].

6. Chemoresistance and CSC target therapy {#Section6}
=========================================

The CSC theory supports that it\'s sufficient a small residual number of CSCs in situ after treatment, so that disease recurrence can occur [@B90]. Although the standard combination of surgery and chemotherapy can effectively reduce tumor mass, most patients, eventually with residual ovarian CSCs, acquire chemo-resistance [@B91], [@B92]. Several pathways could be involved in these mechanisms including activation of anti-apoptotic factors, inactivation of pro-apoptotic effectors, and/or reinforcement of survival signals [@B93]. The aim to test alternative models of treatment, in order to overcome the clinical problem of resistance, lead to the discovery and evaluation of several novel molecular targeted agents directed against the molecular pathways we described above, involved in ovarian carcinogenesis. In this context the study of ovarian cancer stem cells is taking on an increasingly important strategic role, mostly for the potential therapeutic application in next future [@B94].

6.1. Resistance to conventional therapy {#Section6.1}
---------------------------------------

Based on an understanding of their characteristics, the refractory response of CSCs to drugs and radiation treatments may be attributed to:Drug effluxion: some of most frequently studied drug transporters, associated with acquisition of resistance in normal SCs as well as in CSCs, are multifunctional efflux transporters from the ABC gene family [@B95]. These contribute to tumor resistance by actively transporting drugs across cell membranes through ATP hydrolysis [@B96].Glutathione (GSH) system: the GSH system can suppress oxidative stress and maintain cellular redox homeostasis [@B97]. The contribution of GSH and GSH-related enzymes to chemo-resistance has been demonstrated in different types of tumor, including ovarian cancer and brain tumor [@B98]. In a recent study, it has been shown that platinum-resistant human cancer cells with stem-cell like properties, had high cellular GSH and accumulated significantly less cellular platinum compared to their parental cells. Moreover they failed to undergo apoptosis when exposed to platinum at drug concentrations toxic to the parental cells [@B99].Apoptosis: apoptosis can condition response to antitumor drugs and it\'s regulated by several molecular phenomena, such as the expression of Bm-1 and the loss of p53.Enrichment of CSCs during disease progression: enrichment of CSCs in tumor tissues is reported in patients with response to therapy, through mechanisms such as enhanced DNA damage repair and changes in the cellular phenotype between epithelial and mesenchymal states of cell [@B100]. Epithelial to mesenchymal transition (EMT) is a physiological transcriptional reprogramming event and is characterized by the combined loss of epithelial cell junctions and cell polarity and the gain of a mesenchymal phenotype. EMT and mesenchymal to epithelial transition (MET) processes are now well recognized in cancer progression [@B101]. A link between CSC and EMT has been suggested, whereby transformed human mammary epithelial cells, that have undergone EMT, show a gain of the CSC phenotype [@B102].tumor dormancy and CSC quiescence: many CSCs stay in G0 and are not susceptible to cell cycle-specific chemotherapeutic agents [@B103]. Consequently, this sub-population could survive to such treatments, later becoming able to regenerate the tumor [@B104].

6.2. Target therapy {#Section6.2}
-------------------

Antibody therapies against tumor cell surface antigens have improved clinical prognosis through inhibition of specific signaling pathways, enhancing activation of direct immune effectors. In some cases, antibodies are conjugated with a bioactive drug that enables selective targeting of chemotherapeutic agents. In other cases, they block a signaling pathway in which the marker may be involved. A major goal in CSC research is to devise new strategies that will kill CSCs. To date, most efforts have focused on searches for targets expressed exclusively in CSCs, or on screens for selective drugs or RNA interference (RNAi) molecules that selectively kill CSCs, but not normal stem cells. Candidate therapeutic targets include various receptors and their oncogenic derivatives, adhesion molecules, antibody-accessible surface components, signaling intermediates, survival pathway elements, chromatin modifiers and metabolic targets. Gene expression profiling, next-generation sequencing and increasingly sophisticated screening methods are anticipated [@B105]-[@B125] (Table [1](#T1){ref-type="table"}).

7. Discussion {#Section7}
=============

Ovarian CSCs are likely to be heterogeneous as well as the EOC itself. We can discover this heterogeneity not only in tumors of the same kind in different patients, but also in different cancer cell populations of a single patient. As well as other human malignancies, EOC evolution and heterogeneity could be explained by the CSC model. This feature is due to the fact that the carcinogenesis process goes on basing on the development of subclones with different features and different control of many properties. Investigation of tumorigenic cells should be conducted in the light of recent results demonstrating that populations responsible for driving tumor progression are actually in a transient phase of altered cell cycling, gene expression and drug sensitivity. The existence of a CSC population is confirmed by the experimental finding that a small and distinguishable group of malignant cells can generate a cancer when transferred into immune-deficient mice. Then, the key role of CSCs is clear, and these cells are beginning to represent a possible target, because their elimination could contrast the tumor growth leading to a sustained disease-free outcome or even definitive cure in many patients. If such outcome could be reached in the management of EOC, it would represent a completely new approach to a disease that is still linked to high mortality even in early diagnosed patients.

The first step to proceed towards this therapeutic strategy is the correct identification of CSCs and this is a process that nowadays still presents many difficulties. As described above, the CSCs can be identified and isolated by different methodologies, including isolation and detection of side population phenotype by Hoechst 33342 exclusion, CSC-specific cell surface marker expression, and ALDH activity assay. None of the methods mentioned are exclusively used to isolate the solid tumor CSCs, highlighting the imperative to delineate more specific markers or to use combinatorial markers and methodologies. Until now, no universal single marker has been found to faithfully isolate ovarian CSCs. We can say that, even in multi-passaged cancer cell lines, hierarchic government of growth and differentiation is conserved and that the key CSC population may be composed of small overlapping cell fractions defined by various arbitrary markers. CSC marker expression is not static but constantly shifting, during differentiation or continuously as an environmental response. Moreover CSC markers are often being connected to the CSC properties of drug resistance, proliferation, self-renewal and metastasis. Increased precision in the details of the methods used and described in identifying CSCs, using all of these markers, will be central for the progress of knowledge in this field.

In this context, EOC chemo-resistance may be attributable to the fact that, during its development, the tumor is more and more enriched of CSC, whose resistance to conventional therapies is linked to the different mechanisms we described above. Although these markers are important for defining aggressive and resistant cell populations, it is also necessary to investigate other useful strategies, mainly targeting these surface proteins with blocking antibodies to inhibit tumor progression.

CSC characterization and identification could really represent the key process towards a better management of EOC and other malignancies, leading to a more accurate disease definition and to a tailored therapeutic approach in the next future.

![Influence of CSC niche on biological processes of cancerogenesis. CAFs: Cancer-associated fibroblasts.](jcav05p0301g001){#F1}

###### 

Agents targeting ovarian CSC in vitro and in vivo.

  Agent                                      Target                                        Effects                                                                     Mechanism of action                                               Reference
  ------------------------------------------ --------------------------------------------- --------------------------------------------------------------------------- ----------------------------------------------------------------- ---------------------------
  Niclosamide                                Metabolic pathways in Side Population         Increased sensitivity to cisplatin                                          Depletion of CSC                                                  Yo et al. [@B105]
  Isoflavane derivate                        Mitochondria in CD44+MyD88+ cells             Induction of apoptosis in ovarian CSC in vitro                              Inhibition of mitochondrial function                              Alvero et al. [@B106]
  Eriocalyxin B                              NF-kB pathway in CD44+ cells                  Induction of apoptosis in ovarian CSC in vitro                              Inhibition of NF-kB pathway                                       Leizer et al. [@B107]
  Metformin                                  ALDH+ cells                                   Inhibition of ovarian CSC in vitro and in vivo                              Depletion of CSC and inhibition of the formation of CSC spheres   Shank et al. [@B108]
  Small hyaluronan oligosaccharides          Hyaluronan-CD44 interaction in CD133+ cells   Inhibition of growth of EOC with high levels of CD133 in vivo               Inhibition of the hyaluronan-CD44 interaction                     Slomiany et al. [@B109]
  Clostridium perfringes enterotoxin (CPE)   Claudin-4 in CD44+ cells                      Inhibition of growth of tumor in chemotherapy-resistant CD44+ CSC in vivo   CPE-induced cytotoxicity                                          Casagrande at al. [@B110]
  γ-secretase inhibitors                     Notch pathway in Side Population              Increased sensitivity to Cisplatin                                          Depletion of ovarian CSC                                          McAuliffe et al. [@B111]
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